
ABSTRACT
Purpose/Background: There is little information to support the use of clinical tests to assess for microinstability of 
the hip joint. The purpose of this study was to use a string model to describe and compare length changes of the 
iliofemoral ligament in the test positions commonly used to assess hip ligament laxity.

Methods: Twelve hip joints from nine cadavers (4 male; 5 female) with lifespans of 57-84 years of age were studied. 
A string model representing the medial and lateral arms of the iliofemoral ligament was secured to the proximal and 
distal attachment points. The amount of length change of the string model was compared in four test positions: 
1) external rotation, 2) hyperextension-external rotation 3) abduction-extension-external rotation, and 4) adduction- 
extension-external rotation.

Results: For the medial arm, the greatest change occurred in the adduction-extension-external rotation position 
(12.7mm). This was significantly greater than the external rotation (5.1mm; p=0.002) and abduction-extension-exter-
nal rotation position (1.9mm; p<0.001). The lateral arm also had the greatest excursion in the adduction-extension-
external rotation position (16.6mm). This length change was significantly greater than the external rotation position 
(8.6mm; p=0.002), the hyperextension-external rotation (11.1mm; p=0.047), and the abduction-extension-external 
rotation position (5.6mm; p<0.001). 

Conclusions: Tests used for hip instability cause various levels of tension through the iliofemoral ligament. The com-
bination of hip extension and external rotation increased the length change of string model and was maximized with 
hip adduction. The least amount of change occurred with the addition of hip abduction to extension and external 
rotation. 

Clinical Relevance: Clinicians may use the information to help interpret tests for instability of the hip and may con-
sider the combined position of hip extension, external rotation, and adduction to elucidate involvement of the ilio-
femoral femoral ligament. 

Level of Evidence: 2b; Exploratory cohort study with good reference standards
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INTRODUCTION
Hip microinstability is defined as extra-physiologic 
motion between the femoral head and acetabulum that 
may cause pain originating from labral and cartilage 
damage, with or without symptoms of instability.1-4 
The cause of microinstability can be multifactorial 
and often results from a contribution of boney abnor-
malities such as dysplasia,5 poor muscle function, 
and/or laxity of the ligaments and capsule.2,4,6-8 Laxity 
of the capsuloligamentous structures can be part of 
a genetic disorder such as Ehlers-Danlos Syndrome9 
or may be acquired through repetitive motions of the 
hip joint. The most common mechanism of injury 
is forced external rotation with axial loading that 
causes atraumatic anterior focal rotational microin-
stability.10-12 Microinstability is a recognized source 
of hip pain and disability in athletes that participate 
in sports that require repetitive and forceful move-
ments beyond their available range of motion.1-4 This 
injury pattern most commonly occurs in sports such 
as ballet, skating, gymnastics, baseball, and golf.10,12,13 

The importance of a thorough clinical examination 
in the diagnostic process of those with non-arthritic 

hip pain, including microinstability has been empha-
sized.14-18 The diagnosis of hip microinstability is typi-
cally based on patient history, physical examination 
and radiographic evaluation.1,3,4,10 However, there is 
little information to support the use of clinical tests 
to assess for microinstability, specifically for patients 
with suspected anterior focal rotational microinsta-
bility from iliofemoral ligament laxity.1 Since forced 
repetitive external rotation is known to cause injury 
to the iliofemoral ligament,6,11 most tests for micro-
instability of the hip joint stress the hip in positions 
of end range external rotation. These include the 
following special tests to assess anterior hip liga-
mentous laxity: 1) log roll/dial test (external rota-
tion in neutral),1,3 2) prone instability test (external 
rotation in neutral),3,19,20 3) anterior apprehension/
hyperextension-external rotation (HEER) test,3,20 and 
4) abduction-extension-external rotation (AB-HEER) 
test.3,20 Table 1 and Figures 1-4 describe these tests. 
Hoppe at el.20 found the prone instability, HEER, and 
AB-HEER to be valuable in diagnosing hip micro-
instability using arthroscopy as the gold standard. 
The authors noted that further studies are needed to 
validate these clinical tests.20 Because of the limited 

Table 1. Test positions for anterior focal rotational microinstability.
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information available on the tests used to diagnose 
microinstability, there is a need to validate the best 
test position to assess for iliofemoral ligament laxity. 

The iliofemoral ligament is shaped like an inverted 
Y and distally splits into medial and lateral arms. 
The medial arm passes downward in a near vertical 
direction to insert on the anterior femur at the level 
of the lesser trochanter. The lateral arm crosses the 
joint obliquely with a horizontal orientation and 
inserts on the crest of the greater trochanteric, just 
above the intertrochanteric line.10 The iliofemoral 
ligament is felt to limit external rotation in flexion 
and both internal and external rotation in exten-
sion.10 A study of intact ligaments found increased 
strain on the lateral arm with maximal external rota-
tion in adduction and increased strain on the medial 
arm with external rotation in extension.21 The posi-
tions to assess for ligament laxity have included hip 
extension and external rotation with and without 

Figure 1. Log Roll/Dial test. Supine; Passive hip external 
rotation to end range with over pressure.

Figure 2. Prone Instability test. Prone; passive external rota-
tion while the examiner applies an anteriorly directed force 
on the trochanter.

Figure 3. Hyperextension external rotation (HEER)/Ante-
rior Apprehension test. Supine at the end of table with affected 
leg hanging off and unaffected knee toward chest; passive hip 
extension and external rotation.
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12 hip joints from nine embalmed cadavers (4 male; 
5 female) with lifespans of 57-84 years of age were 
studied for the purpose of this study. Complete dis-
section of the cadavers was performed to remove all 
muscular and soft tissue attachments on the femur, 
leaving only the capsule and capsular ligaments 
intact. Fibers of the iliofemoral ligament were iden-
tified and dissected to isolate the proximal attach-
ment point of the ligament, inferior to the anterior 
inferior iliac spine, and the distal attachments of the 
medial and lateral arms of the iliofemoral ligament 
along the intertrochanteric line. The mid-point 
of the proximal and distal attachments of the ilio-
femoral ligament the were marked with an 1/8 inch 
eyelet screw. Once the markings of the iliofemo-
ral ligament were complete and the eyelet screws 
placed, the capsule was vented in a vertical direc-
tion for about 1 cm and spaced 1 cm apart along the 
periphery of the femoral neck.

abduction.1,3,19,20 However, considering the orienta-
tion of the iliofemoral ligament fibers in relation 
to hip joint axis, a position with extension, external 
rotation and adduction may be the best position to 
asses for iliofemoral ligament laxity (Figure 5). 

The purpose of this study was to use a string model 
to describe and compare length changes of the ilio-
femoral ligament in the test positions commonly 
used to assess hip ligament laxity. It was hypothe-
sized that the combined position of hip external rota-
tion, extension, and adduction would produce the 
greatest length change of the medial and the lateral 
arms of the iliofemoral ligament when compared to 
the following hip positions: 1) external rotation, 2) 
external rotation and extension, and 3) external rota-
tion, extension, and abduction. 

METHODS

Cadaver Preparation
An ethics board for the study of human cadavers 
granted permission to perform the study. A total of 

Figure 4. Abduction hyperextension external rotation (AB-
HEER) test. Side lying on unaffected hip; Passive hip abduc-
tion to 30°, extension 10° and external rotation to end range 
while an anteriorly directed force applied to trochanter. Figure 5. Adduction hyperextension external rotation (AD-

HEER) test. Side lying on unaffected hip;Passive hip adduc-
tion to 20°, extension 10° and external rotation to end range.
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secured perpendicular to the edge of table edge with 
two large C-clamps as shown in Figure 7.

The hip joint was then positioned in neutral align-
ment in all the cardinal planes. This was confirmed 
using a bubble inclinometer and a standard goniom-
eter. A long clamp that extended from the board was 
used to maintain the hip in neutral alignment of the 
sagittal plane during testing.

Test Positions
Four distinct test positions were analyzed for this 
study. The first position reproduced the position 
for the prone instability, dial, and log roll tests.1,3,19,20 
The hip was held in neutral abduction/adduction 
and flexion/extension and then laterally rotated to 
45°. The second position recreated the hyperexten-
sion external rotation test (HEER test).3,20 The HEER 
test placed the hip joint in 10° of hip extension (con-
firmed with the goniometer), neutral abduction/
adduction and lateral rotation to 45° (confirmed with 

String Model Set-up
A string model was then constructed that connected 
the medial and lateral distal attachment points to 
the eyelet screw at the proximal attachment point 
(Figure 6). The pelvis was then secured to a 2x10x24 
inch board with two 6-inch lag screws so that the 
face of the board rested snuggly against the ante-
rior superior iliac spines. This provided a reference 
from which the pelvis was securely affixed in a neu-
tral position (neutral pelvic tilt, obliquity, and rota-
tion). Additional eyelet screws were added to the 
end of the board so that the remaining length of the 
strings could freely move through the opening of the 
screws. To allow for consistent tension on the string 
when moving the hip joint, two 6-inch hemostats, 
weighing 11g each, were hung from the ends of the 
strings (Figure 7).

The specimen was then placed in a sidelying posi-
tion with the side to be tested closest to the ceiling. 
The board that was affixed to the pelvis was then 

Figure 6. Set-up of the string model following the arms of 
the iliofemoral ligament.

Figure 7. The specimen is placed in a side lying position, 
secured to a wood plank that is attached to the table.
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extension and the bubble inclinometer for rotation 
and adduction/abduction. A third investigator used 
an electronic caliper to measure the amount of dis-
tance the string moved of through the proximal eye-
let screw. The distance from initial marking to the 
finished test position was recorded. Each test posi-
tion was repeated a total of three times. Between 
each trial, the hip was returned to the neutral posi-
tion for 20 seconds before returning to the test posi-
tion. The average of the three trials was used to 
determine the change in length from neutral to each 
test position for each respective test. 

Measures of boney morphology that included femo-
ral version, acetabular version, and femoral inclina-
tion were recorded for each specimen. The version 
and inclination angles were measured using a stan-
dard 12-inch goniometer (Baseline® Goniometer, 
Fabrication Enterprises Inc., White Plains, NY) to 
describe the orientation of the acetabulum and prox-
imal aspect of the femur. Acetabular version was 
determined by the angle formed by the sagittal plane 
and a line formed by connecting the midpoint of the 
anterior and the posterior acetabular rim. Femoral 
version was determined as the angle formed by a 
line bisecting the femoral head/neck and a line par-
allel to the posterior aspect of the femoral condyles. 
Femoral inclination was determined as the angle 
between a line bisecting the femoral neck relative to 
a line bisecting the femoral shaft. 

Statistical Methods
All data were analyzed using SPSS 24 (IBM, Chicago). 
Descriptive statistics (mean, standard deviation, and 
range) of the age of the cadaver, femoral version, 
acetabular version, and femoral inclination were 
computed. An intraclass correlation coefficient (ICC) 
was performed to determine the retest reliability of 
the length change of the string model between trials. 
A one-way analysis of variance (ANOVA) with an a 
priori alpha set at 0.05 compared change of length of 
the string model in the four respective test positions 
for each arm of the iliofemoral ligament. Tukey’s poc 
hoc analysis was performed to determine the indi-
vidual differences between the test positions. 

RESULTS
Descriptive statistics of the version and inclination 
angles of the femur and acetabulum are presented 

bubble inclinometer). The third position recreated 
the abduction hyperextension external rotation (AB-
HEER) test.3,20 This test position (Figure 8) combined 
10° of extension, 45° external rotation and 30° of hip 
abduction (confirmed with bubble inclinometer). 
The final test position of hip extension, external rota-
tion, and adduction was chosen to recreate a posi-
tion previously reported to increase tension on the 
iliofemoral ligament.21 This position combined 10° 
extension, 45° external rotation, and 20° adduction. 

Data Collection 
The strings representing the iliofemoral ligament 
were marked while the cadaver was maintained in 
neutral alignment in all three cardinal planes. This 
served as the reference point from which a change 
in length could be determined. The hip was then 
moved into the first test position by one of the 
researchers. A second researcher confirmed the hip 
position with the standard goniometer for flexion/

Figure 8. Positioning of the cadaver for the abduction hyper-
extension external rotation (AB-HEER) test.
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adduction, as with the AD-HEER test, produced the 
greatest length change in both medial and lateral 
arms of the iliofemoral ligament when compared to 
the position of the hip joint when performing the 
prone instability, dial, log roll, HEER, or AB-HEER 
tests.1,3,19,20 

in Table 2. The ICC performed to assess test-retest 
reliability of the length change computed for each 
of the positions used in the current study was excel-
lent, r=0.96; p<0.01.

The results of the one-way ANOVA demonstrated a 
significant effect for the test position on the change 
in length of the string model for the medial arm, 
F(3,47)=11.7, p<0.001, as well as the lateral arm, 
F(3,47)=15.7, p<0.001, as shown in Table 3. For the 
medial arm, the greatest change occurred in the AD-
HEER position with an average of 12.7mm of length 
change in the string model (Figure 9). This was 
significantly greater than the ER position (5.1mm; 
p=0.002) and the AB-HEER position (1.9mm; 
p<0.001). The lateral arm also had the greatest excur-
sion in the AD-HEER position with a length change 
of 16.6mm. This length change was significantly 
greater than the ER position (8.6mm;p=0.002), the 
HEER (11.1mm;p=0.047), and the AB-HEER posi-
tion (5.6mm;p<0.001). 

DISCUSSION
The most important finding of this study was that 
a position of hip external rotation, extension, and 

Table 2. Descriptive statistics of the version and inclination angles 
of the femur and acetabulum. 

Table 3. Descriptive statistics of the length change of the medial and lateral arms 
of the iliofemoral ligament in each test position.

Figure 9. Length Change of the Medial and Lateral Arms of 
the Iliofemoral Ligament
HEER= hyperextension external rotation; AB-HEER= abduction hyper-
extension external rotation; 
AD-HEER= adduction hyperextension external rotation.  Bars represent 
standard error. 
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The diagnostic accuracy to identify those with 
anterior focal rotational microinstability may be 
improved if a position that best stresses the iliofemo-
ral ligament is used. The AD-HEER test position had 
nearly six times greater length change of the iliofem-
oral ligament than the AB-HEER test position. This 
is consistent with previous studies that showed the 
greatest strain of the iliofemoral ligament occurred 
when the hip was externally rotated from a position 
of adduction and extension.21,22 The addition of hip 
adduction with hip extension and external rotation 
caused the maximum length change of the string 
model of the iliofemoral ligament (Figure 5) and 
helps to validate this test position for stability test-
ing of the hip joint.

The results of the current study compliment previ-
ous works on the function of the iliofemoral liga-
ment.21,23,24 Martin et al.24 individually released the 
medial and lateral arms of the iliofemoral ligament 
and found an increase in external rotation range 
of motion when each arm was released. However, 
release of the lateral arm provided a greater increase 
in external rotation range of motion in flexion and in 
a neutral position compared to medial arm release. 
The lateral arm release also showed an increase of 
internal rotation range of motion when the hip was 
in an extended position.24 A study of intact ligaments 
found increased strain on the lateral arm with maxi-
mal external rotation in adduction and increased 
strain on the medial arm with external rotation in 
extension.21 Using magnetic resonance arthrography 
the medial arm tightened in extension and the lat-
eral arm tightened with external rotation.23 Fuss and 
Bacher22 performed one of the most extensive evalu-
ations of the hip joint ligaments. A total of 60 differ-
ent combinations of multi-planar positions of the hip 
joint were examined to determine specific positions 
that maximized tension of the ligaments. Among the 
many combinations of joint positions that tensioned 
the iliofemoral ligament, both the medial and lateral 
arms were lengthened in positions that included 
extension, adduction, and external rotation.22 The 
results of the current study confer the findings from 
these previous studies that show that individual and 
combined movements of hip extension, adduction, 
and external rotation can result in increased ten-
sion of both arms of the iliofemoral ligament. In the 

current study, greater changes were seen in the lat-
eral arm versus the medial arm of the iliofemoral 
ligament suggesting the proposed tests for microin-
stability may be more biased toward tensioning of 
the lateral arm of the iliofemoral ligament. 

While the AD-HEER was shown to have the greatest 
change in length of the string model, the diagnostic 
accuracy of this test has not been reported on living 
subjects. The diagnostic accuracy of the prone insta-
bility, HEER, and AB-HEER tests, however, have 
been studied.20 Hoppe et al.20 found the AB-HEER 
test to be most accurate in predicting hip instabil-
ity followed by the HEER and the prone instability 
tests. The AB-HEER test had a sensitivity of 80.6 and 
specificity of 89.4 and the HEER test had a sensitiv-
ity of 71.0 and specificity of 85.1.20 The prone insta-
bility test had a low value of sensitivity at 33.9 but a 
high specificity of 97.9.20 Despite showing the great-
est combined sensitivity and specificity in detect-
ing hip instability, the AB-HEER demonstrated the 
smallest length change in the string model used in 
this current study. The AB-HEER test increased the 
length of the medial arm by only 1.9mm and 2.7mm 
for the lateral arm. These results support findings by 
Hidaki et al.25 that demonstrated no increase of strain 
to the iliofemoral ligament when the hip was posi-
tioned in abduction. The work of Fuss and Bacher21,22 
suggest that the AB-HEER test lengthens structures 
other than the iliofemoral ligament, specifically the 
pubofemoral ligament. Other studies have shown 
that the ligamentum teres tightens in combined 
positions of hip flexion and rotation.26-28 These find-
ings illustrate the unique function of each structure 
and the importance of triplanar joint position in 
determining which ligament may be lengthened or 
stressed.22,24,29 Although it is beyond the scope of the 
current study, future research may investigate how 
specific test positions test can discriminate iliofem-
oral, ligamentum teres, and pubofemoral ligament 
dysfunction in symptomatic patients. 

Limitations 
While this study provides useful information on 
clinical tests for hip instability, there are a number 
of limitations that must be recognized. First, the 
use of cadaveric models limits the generalizability 
of the results to living subjects. The cadavers were 
embalmed and the surrounding soft tissue structures 
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of the pelvis were removed. This may have changed 
the native mechanics of the hip joint and influenced 
the findings of the study. 

Secondly, the morphologic characteristics of the 
specimens must be considered when interpreting 
the results of the study.2,4,6-8 Specimen measures of 
hip morphology showed that the average femoral 
anteversion (21o) and acetabular anteversion (20o) 
in the study population was greater than normal 
population averages of 10°30 and 17°,31 respectively. 
Conversely, the average femoral inclination of 124° 
in the current study was less than the normal popu-
lation average of 129°.30 To help mitigate the influ-
ence of boney morphology, the test positions were 
standardized with specific multiplanar positions for 
each specimen. However, it remains unclear how 
the morphologic characteristics of the specimens 
may have impacted the results of this study. A simi-
lar study with a larger sample size that categorizes 
specimens according to version angles may be of 
interest for future investigation. 

Third, the string model does not account for the elas-
ticity of the native ligamentous tissue but is a mea-
sure of a change in distance of a non-elastic string. 
While length change string may relate to the poten-
tial of strain across the ligament, it does not account 
for the elasticity of the tissue that may otherwise 
influence loading of the tissue. Future studies may 
be performed that test the tensile properties of the 
iliofemoral ligament in the common test positions 
used for evaluation of hip instability. 

Another factor is that the age of the specimens that 
were used in the current study are much older than 
the population of patients generally diagnosed with 
microinstability of the hip. Therefore, the quality 
and integrity of the bony, cartilaginous, and capsu-
lar tissues may be different than patients generally 
treated for microinstability of the hip. Finally, the 
sample size for this project was limited by the num-
ber of available specimens. A larger and more diverse 
sample population may offer greater projection of the 
findings of the study to a general patient population.

CONCLUSIONS
The results of this study showed that common test 
positions used for evaluating hip instability may 

cause various levels of tension through the iliofemo-
ral ligament based on the length changes observed 
in an anatomic string model of the iliofemoral liga-
ment. The combination of hip extension and exter-
nal rotation increased the length change of the string 
model and was maximized with the addition of hip 
adduction. The least amount of change occurred 
with the addition of hip abduction to extension and 
external rotation. Clinicians may find the informa-
tion useful when interpreting tests for instability of 
the hip and may consider assessing the hip in the 
combined position of hip extension, external rota-
tion, and adduction to elucidate potential involve-
ment of the iliofemoral femoral ligament. 
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